Introduction
Early investigations of the thermal structure of the upper mesosphere and lower thermosphere (MLT) region using in situ probes, radar soundings, and airglow observations were based on relatively infrequent soundings that provided only a coarse picture of the variability. More recently, Rayleigh and resonance lidar systems have been developed to probe this important atmospheric region in detail [e.g. Leblanc et al., 1998 ]. These studies utilize only a few nightly (or diurnal) soundings per month (smoothed with an -1-month window function), for constructing monthly/seasonal MLT climatology. Such sampling schemes are unlikely to reveal rapid change in the MLT dynamics expected around the equinoxes.
Recently, Shepherd et al. [1999] have combined data from the Wind Imaging Interferometer (WINDII) aboard the Upper Atmospheric Research Satellite (UARS) with ground-based airglow observations from three well-separated sites in the northern hemisphere to help characterize what they term "a springtime transition in atomic oxygen". Their data revealed large perturbations in the springtime oxygen airglow emission rates that were planetary-scale in nature, possibly associated with the seasonal reversal of the zonal wind field. Limited data on the OH and 02 rotational temperatures also indicated a high degree of correlation with the emission rate changes. superpixels), but for this study, only the central 5 x 5 superpixels were used to determine the zenith temperature variability at the OH emission height-87 km (averaged over the layer width of-8 km). These data were later averaged together to determine a mean value, and its RMS variability, for each night of operations (-20 nights/month centered on the new moon). In comparison the CSU lidar system was operated for typically 4 nights/month irrespective of the moon's phase. To investigate this phenomenon further, we have analyzed two additional temperature data sets that encompass the same near-equinoctial period. Figure 3a shows data extracted from the 1996 Na lidar measurements at Ft. Collins reported by She and von Zahn [1998] . As expected, the averaged lidar values prior to and after the fall equinox (large crossed bars representing small-sample standard deviations), lie almost centrally on the seasonal trend. However, 5 nights of lidar data during a 7-day period (UT days 279-285) again show a major departure from this trend. The data are available at 1 km height resolution and are plotted for 87 km (solid circles) and 86 km (crosses) to illustrate height variability of the temperature perturbation. The main characteristics of this disturbance are its large magnitude, -36 K, and the steep recovery rate. However, in this case the lidar data suggest an "overshoot" in temperature above the seasonal trend following the minimum. Unfortunately, the lidar was limited in its operation, but a subsequent 7-day average (centered on UT day 335) suggests a return to normal seasonal levels. This behavior is very similar to the MTM data of Figure 2a . [1998] concluded that their ground-based 02 temperature data agreed well in shape with the TIME-GCM model but differed in amplitude for the tidally-induced variations by a similar factor of -•3, with the observations also exceeding predictions.
To account for the disparity in our comparison, the model was adjusted to have the same mean (192.5 K) and standard deviation (9.9 K) as the data, and then shifted forward by one day for maximum correlation. The adjusted model results bear a remarkable similarity to the MTM data suggesting that a rapid phase shift of a quasi-stationary planetary wave 1 caused the large mesospheric temperature perturbation observed around the 1997 fall equinox [Liu et al., 2001 ]. However, due to the limited data and data-model comparisons, these initial results are promising but not definitive.
In summary, this study provides new evidence for the development of SPW activity near the mesopause around the fall equinox period. The signature of the transition period from summer conditions (exhibiting relatively low rms variability) to winter-time conditions where large, short-term (-a few days) variations in the average nocturnal temperature are predominant has yet to be fully documented. The key properties of this autumnal transition perturbation as measured over the western USA are: (1) a significant departure from the climatological trend of magnitude-•25-30 K; (2) transient duration-2 weeks; and (3) recovery rate of typically 3-7 K/day. The perturbation has been observed 3 times during the past 4 years, occurring shortly after the autumnal equinox. However, on-going modeling studies indicate that its magnitude, pattern and duration at a given location may vary significantly depending on competing factors such as SPW forcing in the lower atmosphere and gravity-wave forcing of the mean flow in the MLT region. What is clear is that we can expect to see increasing variability around the fall equinox associated with the onset of upper mesospheric planetary wave activity. The OH temperature and intensity changes are highly correlated during this time and coherent over a large geographic area (>7 ø in longitude), consistent with the growth of planetary waves and associated wave transience in the MLT region. Additional geographically distributed measurements and data-model comparisons are needed to unequivocally establish the growth of SPWs in the MLT region as the primary source of the observed perturbations. Such measurements, performed in conjunction with the NASA TIMED satellite mission, would be invaluable.
